INTRODUCTION
Drug-induced liver injury (DILI) is a liver disorder caused by the administration of drugs, but in recent years the definition of this term has diversified to include supplements, health foods, and traditional Chinese medicines [1] [2] [3] . Drugs that cause hepatopathy are usually administered orally or intravenously, but there are few case reports that describe DILI cause by drugs administered by other routes, for example, subcutaneously or intravesically [4] [5] [6] . In this report, we describe a case of DILI that developed after internal hemorrhoid treatment with an aluminum potassium sulfate and tannic acid (ALTA) regimen with lidocaine. This is the first case report that describes the development and management of a severe liver disorder after ALTA therapy.
CASE REPORT
A 41-year-old Japanese man was admitted to our hospital with liver damage, itchy skin, and pyrexia. His medical history was unremarkable, but one year previously his gamma-glutamyl transpeptidase levels had risen to 271 IU/L (normal: < 30 IU/L). Prior to this, the patient had consumed 540 mL of sake three times a week, and he had been reducing the amount of alcohol he consumed for about one year. He did not smoke or take any recreational drugs. He was single, was not homosexual, and he had not had sexual intercourse for over one year.
The patient had undergone treatment of his internal hemorrhoids as an outpatient at a nearby hospital that comprised an aluminum potassium sulfate and tannic acid (ALTA) injection. He developed a fever of 38 ℃, dark colored urine, and itchy skin on postoperative day (POD) 1, and he took loxoprofen sodium, as required. He consulted another doctor on POD 7, because the symptoms had not improved, and his blood test results led to a diagnosis of liver dysfunction. His liver dysfunction had not improved by POD 14, and he was admitted to our hospital on POD 15.
The patient was 167 cm tall and weighed 52.5 kg. He presented with a blood pressure of 103/59 mmHg, a heart rate of 82 beats per minute, a temperature of 36.6 ℃, and 99% oxygen saturation in room air.
No specific physical findings were evident during the clinical examination on the day of hospitalization, but the patient had a rash, edema, hepatosplenomegaly, lymphadenopathy, and jaundice. The subjective symptoms, comprising the fever, dark colored urine, and itchy skin, had disappeared by POD 10.
The laboratory test results showed that the patient's complete blood count was almost normal with a white blood cell count of 6900 cells/µL, a hemoglobin concentration of 14 Figure 1 ). When the patient was hospitalized, we considered viral, alcohol-induced, autoimmune, drug-induced, biliary tract, and thyroid function-based diseases as frequent causes of acute liver dysfunction for the differential diagnosis, and, based on the patient's medical history, and the serological and imaging results, we considered that alcohol and DILI were highly likely causes of the patient's acute liver dysfunction. However, the patient had stopped drinking during the past year, so we thought that there was a high likelihood of DILI. Therefore, we began conservative treatment with a small amount of extracellular fluid replacement. Figure 2 presents the patient's symptoms, laboratory test results, and treatment over the entire course. The liver transaminase and bilirubin levels decreased rapidly after admission, and the maximum levels were as follows: ALT: 950 IU/L on POD 15; AST: 470 IU/L on POD 17; and total bilirubin: 2.1 mg/dL on POD 17. The ALP and gamma-glutamyl transpeptidase levels showed consistent downward trends from POD 7. The patient's symptoms disappeared on POD 10, and no new symptoms appeared after hospitalization. We performed a liver biopsy on POD 25, and a druginduced lymphocyte stimulation test (DLST) of the components of the ALTA injection and lidocaine on POD 28. The patient was discharged on POD 29, and he was managed as an outpatient without any prescriptions. At the time of the patient's first outpatient appointment on POD 35, his liver transaminase and bilirubin levels had declined and were almost within the normal ranges.
Figure 3 presents hematoxylin and eosin (H and E)-stained sections of the liver biopsy performed on POD 25. The H and E staining showed that the basic structure of the liver had been maintained without any hepatocyte dropout or disruption, and that the bile duct had not been disrupted. At a higher magnification, the H and E staining showed that the parenchymal cells were partially dilated and that a mild inflammatory cell infiltration was present in the area of the central vein.
Neither eosinophil nor plasma cell infiltrations were detected within the liver tissue. Bile plugs were found at multiple sites within the parenchyma and sinusoids. Masson staining did not show the presence of liver tissue fibrosis.
The lymphocyte proliferation activity levels, which were determined from the DLST performed on POD 28, were 676 counts per minute (cpm) for the control and 871 cpm for the ALTA with lidocaine. The stimulation index, which was calculated as the ALTA with lidocaine cpm divided by the control cpm, was 1.29 (normal in Japanese people: < 1.8).
DISCUSSION
This is the first case report that describes suspected severe acute liver injury caused by ALTA therapy for the treatment of internal hemorrhoids. Our discussion focusses on the cause of the acute liver injury, the components of the ALTA regimen used to treat the hemorrhoids in this case, the positions of the biopsy and the DLST in the diagnosis, and the properties of the administration route.
We primarily suspected DILI caused by the ALTA therapy in this case. The laboratory test results ruled out viral, autoimmune, and biliary tract diseases, and a thyroid gland malfunction as causes of the acute hepatic injury. Given that the IgG levels were normal and the autoantibody test results were negative or only weakly positive in this case, a comprehensive judgement based on a histopathological evaluation was necessary [7] . Accounting for the consumption of alcohol during the pathological assessments was necessary based on the patient's history. Interface hepatitis with lymphocytic/lymphoplasmacytic inflammatory activity, rosettes, and emperipolesis, which are characteristic of autoimmune hepatitis [8, 9] , and lobular neutrophilic infiltration, ballooning degeneration with apoptosis, and Mallory bodies, which are characteristic of alcoholic liver injury [10] , were not observed in the pathological specimens from this case. Therefore, we diagnosed the patient as having DILI, which was a diagnosis of exclusion. This patient did not regularly use supplements or health foods, so the suspect drugs were loxoprofen and the ALTA with lidocaine injection. Loxoprofen is a non-steroidal anti-inflammatory agent, is one of the most frequently used drugs by patients with DILI [11] , and it was used once by this patient. Given that it was used to treat the symptoms after their onset, we decided that loxoprofen did not cause this patient's liver injury. Therefore, we concluded that the ALTA with lidocaine injection caused the acute liver injury in this case.
ALTA is an improved formulation of Xiaozhiling ® [12] , and ALTA injections were approved by the Japanese Government in 2005 for the treatment of hemorrhoids. Traditionally, 5% phenol almond oil was injected into the submucosal layer to treat internal hemorrhoids, which reduced the blood flow to the thick hemorrhoidal vein by causing an inflammatory reaction in the surrounding area and promoting fibrosis, and the short- bleeding (1.4%), pyrexia (1.4%), and rectal ulcers (1.4%) [15] ; however, no case reports that describe acute liver injury following ALTA injections have been published.
The formulation used to treat the current case comprised aluminum potassium sulfate, tannic acid, and lidocaine. This patient had undergone local anesthesia involving the use of lidocaine in the past; hence, we considered that the likelihood of lidocaine involvement in the acute liver injury was low. Aluminum is less essential in living organisms, and it is generally considered to be less toxic. Clinically, aluminum encephalopathy can become a problem in dialysis patients, and the possibility of its accumulation in the central nervous system has been noted when renal excretion becomes insufficient [16] . Aluminum as aluminum chloride is used in an external preparation to manage hyperhidrosis, and sucralfate is a sucrose sulfate-aluminum complex that is used to treat peptic ulcers. Although a case term one-year results were good [12] . However, the long-term outcomes from phenol almond oil injections were not positive in relation to curing hemorrhoids or regarding the treatment of internal Goligher grade Ⅲ and Ⅳ hemorrhoids. On the other hand, ALTA sclerotherapy is now widely used to treat internal hemorrhoids in Japan, because it performs well over one-to-five years, with cumulative successive rates at one, three, and five years of 95.9%, 89.3%, and 89.3%, respectively, for grade Ⅱ hemorrhoids, and 93.1%, 83.7%, and 78.2%, respectively, for grade Ⅲ hemorrhoids [13] .
The treatment comprises a four-step process, and it is injected locally into the submucosa of the rectum and the anus via the lamina propria, and not into the vascular lumen [14] . Aluminum potassium sulfate causes inflammation inside the hemorrhoids followed by sclerosis, and tannic acid is an anti-inflammatory substance that prevents excessive inflammation. The complications associated with this treatment include report has been published that describes liver injury following sucralfate treatment [17] , it is very rare and the underlying mechanism is unknown. There are no data that describe the transferability of aluminum into the blood following its external application or oral administration. In a rat model, intraperitoneal administrations of aluminum increased the aluminum concentrations in the blood and caused morphological changes in the liver, but the mechanism that underlies these changes remains unclear [18, 19] . Tannic acid is used to treat gastric bleeding, diarrhea, and ulcerative colitis [20, 21] . Although a liver disorder has been described that involved an advanced degree of destruction in the region of the central vein following the administration of a barium enema containing tannic acid, the causative component was not identified. Lidocaine is used as an anesthetic or as an antiarrhythmic agent, and only two cases of hepatopathy caused by tocainide, which is a lidocaine analog that is used as an oral preparation for ventricular arrhythmias, have been published [22, 23] . Some scoring systems have been used to diagnose DILI [24] , and the Digestive Disease Week Japan 2004 scale and the Roussel-Uclaf Causality Assessment Method are considered particularly useful [25] [26] [27] . The current case scored six points using these scoring systems, which suggested that DILI was probable in this patient. DILI is classified in several ways based on its clinical presentation, histological findings, and the hepatotoxicity mechanism [28] . When the current case was admitted, the R value, defined as the ALT level/the upper limit of the normal (ULN) ALT level divided by the ALP level/the ULN ALP level, was 17.3, and given that it was ≥ 5, we diagnosed DILI with a hepatocellular injury pattern [27] . DILI mechanisms can be separated into the "intrinsic" type, which is dosedependent and can be predicted, and the "idiosyncratic" type, which is dose-independent and unpredictable, and the idiosyncratic type can be further classified into the immune-mediated and metabolic types [29] . Immune-mediated DILI develops one-to-eight weeks after the administration of the drug, and T-celldependent liver injury is accompanied by a positive DLST, because the drug or its metabolite binds to protein to acquire antigenicity. Metabolic DILI develops against a background of the genetic variations in the enzymes that metabolize drugs, it develops after the long-term oral administration of drugs, and the DLST is often negative, because the mechanism is not mediated by T cells. A mechanism has not been described for any hepatic disorder caused by the drugs used to treat this case. The DLST was negative at oneto-two weeks after the administration of the drugs, and the elevated eosinophil and IgE levels suggested that the DILI was immune mediated. The mechanism underlying this patient's DILI cannot be specified, because there was a problem relating to the timing of the DLST that is described below; however, given that the DILI developed in association with specific agents, we think the mechanism was idiosyncratic hepatotoxicity in this case.
The histopathological patterns in DILI can be classified as the hepatocellular type, the cholestatic type, and the mixed type. A characteristic pathological feature of the hepatocellular type is cyclic necrosis in the central vein zone (zone 3), and biliary plugs in the bile capillaries are a characteristic pathological feature of the cholestatic type. The histological pattern is basically classified as cholestatic in the idiosyncratic clinical disease type [30] , and the current case seemed to be consistent with the idiosyncratic type. A report that compares the clinical disease and the pathological types [31] explains that a pathological image can exhibit the cholestatic type, even if the clinical disease type is hepatocellular, which corresponds to the current case. Although the scoring systems can diagnose DILI with high levels of sensitivity and specificity, they may produce high scores for autoimmune hepatitis [31] . Drugs may cause autoimmune hepatitis, therefore, careful evaluations must be undertaken [32] . We confirmed the liver biopsy findings while taking this fact into account.
A DLST determines the proliferative response by lymphocytes to the addition of drugs. Based on the observed responses of sensitized T cells, positive DLST results tend to be generated by immune-mediated DILI [33] . Currently, DLST is positioned as one item that contributes to the scoring systems used to diagnose DILI, because it is only positive in association with some types of DILI [34] , and because of the diversification of substances that have been determined to cause DILI in recent years. The number of reports describing DILI caused by supplements and health foods has increased in recent years [1] [2] [3] , and the causal agents include garlic, egg yolk, turmeric, glucosamine, and noni juice [35] . Moreover, traditional Chinese medicine is thought to generate false-positive results from DLSTs [36] , and their interpretation is often difficult. The DLST positive response rate for DILI overall is 45.7% [1] . On the other hand, Popple et al [37] and Pichler and Tilch [38] suggested that DLSTs should be undertaken following remission, that is, at about four-to-eight weeks, as the tests may generate false-negative results, because of the strong activation of regulatory T cells or the uneven distribution of memory T cells caused by ongoing hypersensitivity reactions [37, 38] . Because the patient consent is not obtained, a second DLST cannot be conducted on samples from that patient. However, if the test appears to be positive, it may be possible to determine whether or not the mechanism is immune mediated.
DILI usually occurs following the oral or intravenous administration of drugs or when they are administered as suppositories. In relation to intravesical instillations, 18 cases (0.7%) of pneumonia or hepatitis occurred following Bacillus Calmette-Guérin therapy for bladder cancer [4] . Regarding the subcutaneous administration of drugs, insulin and interferon injections can cause hepatic injury [5, 6] . This is the first report that describes a case of hepatic injury caused by the administration of drugs to the rectal submucosa. The median rectal vein and the inferior rectal vein are present in the middleto-lower regions of the rectum, and it is possible that the administered drugs entered the systemic circulation from the submucosal blood vessels and caused DILI in this patient.
We have described the first case of DILI following an ALTA injection to treat internal hemorrhoids. The accumulation and analysis of further cases are necessary to clarify the mechanism, frequency, and the clinical variations of this disease type.
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COMMENTS

Case characteristics
A Japanese male patient presented with fever, dark-colored urine, and itchy skin.
Clinical diagnosis
The authors diagnosed acute liver disorder after aluminum potassium sulfate and tannic acid (ALTA) therapy.
Differential diagnosis
The diseases to be considered are liver injury induced by autoimmune hepatitis, alcohol, and other drugs, which can be estimated by liver biopsy.
Laboratory diagnosis
The patient had elevated liver enzymes, with an aspartate aminotransferase level of 432 IU/L, an alanine aminotransferase level of 911 IU/L, an alkaline phosphatase level of 473 IU/L, and a total bilirubin level of 1.3 mg/dL.
Imaging diagnosis
Computed tomography scan showed no morphological changes.
Pathological diagnosis
Histological examination showed liver injury of the cholestatic type characterized by bile plugs within the parenchyma and sinusoids, with mild inflammation of hepatocytes around the area of the central vein.
Treatment
The patient received conservative treatment, with a small amount of extracellular fluid replacement.
Related reports
There is no other case report of acute liver injury associated with ALTA therapy. There are reports of a case of liver injury accompanying barium enema containing tannic acid and of two cases of liver injury accompanying lidocaine, but neither pathophysiology nor pathological features have been elucidated.
Term explanation
ALTA sclerotherapy is now widely used to treat internal hemorrhoids in Japan and consists of aluminum potassium sulfate, tannic acid and lidocaine.
Experiences and lessons
This is the first case of drug-induced liver injury following an ALTA injection to treat internal hemorrhoids and discusses the clinical and pathological features.
The accumulation and analysis of further cases are necessary to clarify the mechanism, frequency and clinical variations of this disease type.
Peer-review
This case report is very informative and well written. It should be worth sharing to people in the field as well as to the general public.
